ABSTRACT
as have two Canadian studies that compared trends in hospital visits for headaches and pollutant levels. 6, 18 To our knowledge, no studies have evaluated whether ambient air pollutionand particularly fine particulate matter-triggers migraines or other headache syndromes using case-crossover methodology, 19 which directly compares levels of pollutants and meteorologic variables at the time of presentation for headaches to corresponding levels on preceding and subsequent weeks.
To evaluate whether weather conditions and ambient air pollution transiently increase the risk of severe headaches, we conducted a casecrossover analysis of approximately 7,000 patients presenting for emergency care with headache, using levels of ambient air pollution measured continuously at a local site monitor.
METHODS This study was conducted at Beth Israel Deaconess Medical Center (BIDMC), an academic hospital providing primary and tertiary care in Boston, Massachusetts. The hospital uses an entirely electronic medical record in both the inpatient and outpatient settings. The BIDMC emergency department accounts for approximately 52,000 visits annually.
The BIDMC Committee on Clinical Investigations approved the protocol with a waiver of informed consent. No participants were contacted as part of these analyses.
Study participants.
Using administrative data, we identified all 8,235 individuals seen and discharged from the BIDMC emergency department between May 26, 2000 (when an administrative dashboard was instituted), and December 31, 2007, with a primary discharge diagnosis of headache (ICD-9 code 784.0), migraine (codes 346.xx), or tension headache (code 307.81). To minimize exposure misclassification, we excluded individuals who lived greater than 40 km from the hospital (based upon zip code of residence), leaving 7,054 participants eligible for analysis.
Exposure assessment. Exposure to particulate air pollution was based on measurements made at our Boston stationary ambient monitoring site, located on the roof of the Countway Library of Medicine, located less than a half-mile from BIDMC. Daily air pollution concentrations have been measured at this site since 1999 and used in a number of studies. [20] [21] [22] [23] Fine particulate matter with aerodynamic diameter Յ2.5 m (PM 2.5 ) was measured continuously using a TEOM (Model 1400A, Rupprecht & Patashnick; Albany, NY). PM 2.5 measured at this central site monitor have been shown to be strong proxies for personal exposure to particles of ambient origin in communities surrounding Boston. 24, 25 Black carbon (BC) was measured continuously using an aethalometer (AE-14, Magee Scientific Inc., Berkeley, CA). Where missing data occurred (ϳ10% of hourly measurements), levels were imputed based on values of adjoining hours and concurrent measurements of correlated pollutants and atmospheric conditions. Hourly nitrogen dioxide (NO 2 ) and sulfur dioxide (SO 2 ) were obtained from local monitoring sites operated by the Massachusetts Department of Environmental Protection. Meteorologic data (temperature, relative humidity, and barometric pressure) were obtained from the hourly surface observations of the National Weather Service First Order Station at Logan Airport (East Boston).
Statistical analyses.
We used case-crossover analyses to compare measures of weather and ambient air pollution on the day of presentation and control days for each patient. The hallmark of case-crossover studies is self-matching, in which each individual provides his or her own control information and hence confounding by factors that are constant within individuals over the sampling period (e.g., personal medical history) is completely controlled. 26 We selected control periods according to the time-stratified approach proposed by Lumley and Levy 27 to minimize potential biases due to season and long-term time trends. In this approach, exposure during the 24 hours immediately preceding presentation (or the comparable periods 1-2 days beforehand) was compared to exposure on the three or four other occurrences of that day of the week in a single calendar month.
We used conditional logistic regression models, in which the individual patient was the conditioning factor. We present odds ratios (OR) and 95% confidence intervals (CI) associated with an increment of one interquartile range in 24-hour mean levels of exposure; for interpretability, we also present results for temperature in units of 5°C and pressure in units of 5 mm Hg. We used all headaches as the primary outcome of interest, and tested those with and without a specific discharge diagnosis of migraine in secondary analyses. In all cases, we employed distributed lag models, in which we examined the associations of exposure in the 0 -24 hour (lag 0 days), 24 -48 hour (lag 1 day), and 48 -72 hour (lag 2 days) periods preceding hospitalization simultaneously.
We first examined the associations of meteorologic variables with headaches. We modeled mean apparent temperature at lag 0 with linear and quadratic terms and mean apparent temperature at lags 1 and 2, mean barometric pressure at lags 0 -2, and relative humidity at lags 0 -2 as linear functions of continuous variables. We next examined the effects of ambient air pollutants in single pollutant models, with lags of 0 -2, also as continuous variables. In these models, we adjusted for mean temperature and barometric pressure, using the same lag structure. Given the strong association of season with temperature, we also repeated analyses separately for emergency visits between October and March (cooler) and between April and September (warmer).
RESULTS Among the 7,054 patients, there were 2,250 with a primary discharge diagnosis of migraine and 4,803 with tension or unspecified headache. In the 7 full years of data collection, the number of participants ranged from 815 in 2004 to 1,033 in 2002. A total of 5,292 (75%) were women. The panel was multiethnic, with 48% white, 23% African American, and 10% Latino; 15% did not have ethnicity recorded. The mean age (ϮSD) was 42 Ϯ 16 years. Table 1 summarizes ambient levels of meteorologic variables, PM 2.5 , BC, and gaseous pollutants during the time period of the study. Table 2 indicates the pairwise Pearson correlation coefficients among these variables. Among meteorologic variables, temperature correlated moderately with relative humidity but weakly with barometric pressure; relative humidity was inversely correlated with pressure. Lev-els of pollutants tended to correlate at least moderately with each other, particularly for the pairs of NO 2 with SO 2 and PM 2.5 with BC.
Meteorologic variables. In multivariable models (table 3), higher mean ambient temperature in the 24 hours preceding hospital presentation increased the acute risk of headache (OR for a 5°C increment 1.075; 95% CI, 1.021-1.033; p ϭ 0.006). There was no evidence of a nonlinear effect (p quadratic ϭ 0.53), nor were there effects of temperature in the preceding lag periods (p ϭ 0.71 for lag 1; p ϭ 0.34 for lag 2). Higher temperature increased the risk of cases with both a discharge diagnosis of migraine (OR for a 5°C increment 1.111; 95% CI, 1.013-1.218; p ϭ 0.03) and other headache (OR 1.059; 95% CI, 0.994 -1.128; p ϭ 0.08), and for headaches that occurred in colder months (OR 1.089; 95% CI, 1.016 -1.167; p ϭ 0.02) or warmer months (OR 1.118; 95% CI, 1.021-1.225; p ϭ 0.02). Results were also positive when minimum (rather than mean) temperature in the preceding 24 hours (OR 1.068; 95% CI, 1.014 -1.125; p ϭ 0.01) or maximum temperature (OR 1.039; 95% CI, 1.014 -1.081; p ϭ 0.05) were considered. After adjusting for temperature on the 24 hours before hospitalization, there was also no effect of change in temperature in the preceding 24 hours, either in colder or warmer months.
Lower barometric pressure increased the acute risk of headache, but only on a lag 2 scale (i.e., in the 48-to 72-hour period before hospitalization), with an adjusted OR of 0.939 per 5 mm Hg (95% CI, 0.902-0.978; p ϭ 0.002). In contrast with temperature, barometric pressure only increased the risk of nonmigraine cases (OR 0.923; 95% CI, 0.880 -0.969; p ϭ 0.001), and tended to be greater in colder months (OR 0.928; 95% CI, 0.884 -0.974; p ϭ 0.002). Change in pressure between the 24 and 48 hours before hospitalization did not influence risk in warmer or colder months. There was no association of relative humidity with headache at any lag.
Ambient air pollutants. Table 3 also presents the risks associated with an increment of one interquartile range in mean levels of ambient air pollutants in the 24 hours before presentation, adjusting for temperature and barometric pressure. Pollutant levels did not influence the acute risk of headache at lag 0 days, either overall or with migraine and nonmigraine cases separately. There was also no significant association of any pollutant with headache on the lag 1 or 2 scales, although NO 2 had a borderline effect on nonmigraine cases on the lag 1 scale (OR for an increment of an interquartile range 1.067; 95% CI, 1.001-1.138; p ϭ 0.05). The trend toward higher risk with greater ambient concentration of NO 2 on the lag 1 scale was numerically similar in both colder (OR 1.053; 95% CI, 0.984 -1.128; p ϭ 0.14) and warmer months (OR 1.062, 95% CI, 0.975-1.157; p ϭ 0.17); there were no associations of headache with other pollutants in analyses of warmer or colder months.
DISCUSSION In this analysis of over 7,000 patients, we found that higher ambient temperature transiently increased the risk of headache requiring emergency department evaluation, with approximate 7.5% higher risk for each 5°C increment in temperature. There was also some evidence for higher risk with lower barometric pressure in the 48 to 72 hours before hospital presentation for cases not diagnosed as migraine. We did not find clear association of ambient air pollutants with risk.
Migraine and other headache syndromes have long been linked to weather conditions, particularly with changes in barometric pressure. 4, 5 In fact, an association with weather conditions has been suggested as a diagnostic symptom specific to migraine relative to other forms of headache. 28 However, this association was not borne out in a large casecrossover study of migraines in Ottawa, 7 and a large study of headaches not coded as migraines in Montreal also found an association solely with barometric pressure. 6 These results together with ours suggest that the association of headache with barometric pressure is unlikely to be a useful diagnostic marker specific for migraine.
We also found a strong association of headache with ambient temperature, regardless of the discharge diagnosis coded. The one previous large casecrossover study of migraines did not find such an association but examined only a single temperature cutpoint of 19.6°C. 7 However, other studies have found generally higher rates of migraine in warmer seasons, [29] [30] [31] despite an association of higher temperature with lower blood pressure. 32, 33 Whether higher temperature is also associated with a greater likelihood of triggering the more common headaches that do not result in emergency department evaluation will require additional study.
There is growing interest in air pollution as a trigger of a variety of acute health conditions. Air pollution represents a complex mix of pollutants, including both coarse and fine particles and gaseous constituents. Two common pollutant gases, sulfur and nitrogen dioxides, were positively associated with emergency visits for nonmigraine headache in similar time-series studies in Ottawa and Montreal, with higher risks seen across multiple lag scales. 6, 18 Our results tend to support the higher risk associated with NO 2 exposure, where higher risk was seen specifically for headaches not diagnosed as migraine.
We anticipated that PM 2.5 might have the strongest association with headache, as they appear to induce sympathetic nervous system activation (best studied in relation to heart rate variability 34 ), pulmonary and subsequently systemic inflammation, 35, 36 and vascular endothelial injury. 37, 38 They have also been most closely associated with triggering cardiovascular events. 39 In the one previous large-scale study of headaches, PM 2.5 only increased risk on a lag 2 scale, with a generally weaker effect than observed for gaseous pollutants. 6 Given the marked effects of fine particulate matter observed in previous studies of cardiovascular disease, the role of these particles as a trigger of headache clearly merits additional study.
It is also important to recognize the expected magnitude of effect when considering the lack of statistical association between pollutants and risk in our study. In general, previous case-crossover studies of fine particulate air pollution and cardiovascular conditions such as ischemic stroke 9 have demonstrated approximately 1% higher risk (i.e., relative risk of 1.01) with an interquartile range increment similar to that used here. The precision of our estimates was generally insufficient to exclude an effect of that magnitude, and hence we cannot rule out an association that, albeit small in magnitude, could have farreaching public health implications.
The clinical and public health implications of our findings even for temperature may differ to some degree. Our results suggest that an increase in temperature of 5°C would confer a short-term 7.5% increase in risk. This magnitude of excess risk is obviously modest and may not be an important factor in the clinical management of individual patients, given the many other potential triggers of migraine that patients may face. At the same time, every member of a given geographic region is repeatedly exposed to this excess risk, and hence the public health impact of triggering migraine by rising ambient temperatures may be greater than exposures that confer a higher relative risk but to a much smaller number of potentially exposed patients.
This study has several potential limitations, most of which were likely to have potentially biased our results toward the null. First, we relied upon headaches classified by emergency department physicians, and hence misclassification of some admissionsand particularly for comparisons of cases coded as migraine or not 40 -is likely. Second, we relied upon use of a central ambient monitor rather than personal exposure measures, although levels of SO 2 and Table 3 Odds ratios (95% confidence intervals) for total, migraine, and nonmigraine headache requiring emergency department evaluation associated with an increment of one interquartile range in mean exposure level during the 24 hours before presentation PM 2.5 in particular tend to be spatially homogenous within our region of study. Third, we had highly accurate information on the time of hospital presentation but not about the timing of actual symptom onset, and hence could not account for the variable duration of time that patients experienced headaches before evaluation. Finally, because this study relied upon patients seen for headaches requiring emergency evaluation, we cannot distinguish whether observed increases in risk related to temperature or barometric pressure reflect changes in the incidence of headaches or in their severity.
